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(54) VIRTUAL CLAY SYSTEM AND ITS SIMULATION 
METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To perform the effective 
simulation of an object shape in a virtual space by a 
simple operation. 

SOLUTION: A virtual clay 15, i.e., a set of small 
virtual grains is generated in a virtual space 11 of a 
computer, and an object shape is shown by a film formed 
on the surface of the clay 15. When a user inputs an 
instruction of deformation via a control information 
input device 13, every grain moves by an interaction of 
grains and the clay 15 is deformed. The state of 
deformation of the clay 15 is shown to the user via a 
sense information output device 12. The device 12 can 
also output the tactual sense and reaction of an object, 
and the user can deform the object as if he kneaded the 
clay. 
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(57) [«*)] 

[HUB] {RftffiMHiiJV^T, «**lftfp-C, »*J:< 
*WA8E1 2^J:9*— tf^H^^^Sc ftftltfttttl 
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[1WF»#©ttll] 

[ft** i ] {Rmn^m^m-rm.^-M^—^ 

flHEIfc^©*-^**-*- 5 3-— if ©*Bfl*flMl«: 

ffi-^wffiBSrajJE-rartTf, «riae«t«:»w»j:*fl:s 10 

[ft** 2 ] fflr3B*^-rt<©«-»T-o«l6W*iE«Sr« 
«5U 2o6t±©«t^©ift«IHH:*sW-5JBl©ttSf^ffl 

t . i o©*ft^©iE« 4: msmmmmz-m-^ < ft-m^m 

ffiffl*S±V^^^o 20 

5 r £ frfflft £ -T Sl»** 2 SE*©««tt±-> 
[fit**4] ftuiBffi5fPfflH-@#gii, {Kffltt&ltta 

m<\iz-m<$< j&mnt&R^xmsjn 1 *j 2 ©*i 

[ft*:* 6] «HB»tt*«^af4» SWBSH 1 ©*^© 

mries^©^. awaa^wjH*. atriaa^©*^©* 
^yv— ^»Bfc» msast*-©*^©*!^ mibee 40 

a±0«M^©»*«r A^J-fS r i: 1 
Btt© <KSS*!i± f- A. 

i-^*-rs 2?k5c**#a*3 «t V3 &7c^*a© 5 
[ft** 9 1 mmm.^n^am-rm.m^m^m 
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3W#*l E*©iE»l*±^^'? l A 0 

[ft** i o ] uwB«tT-©*^ai*-rfi«ifl«j**ft:± 
<fcfi&tftm-*-sffiB»ai#a, ^a^#^, wsjjht^ 

©■^i^f t ^U)t5 v'x^f t 5 *>©<^ 
-Y^>f i: l lfE«©<H?B(*fi± 

[ft** 1 3 ] ffi«tW-©*^fc*-mTtfte-7*-* 

« *■ m^rt- 5 mt> #a t £«s *. 5 ^ t t -r 5 , 

WI^^©*^i^*i-fi»W**fr©*ftflM(l*«ttWK 



mfSB^W*^(-*f -TS d» *t#$R£r A7J 
U 

Hffffiit*««fcfl6o-c, aWB*^rto^*< 1 *p© 10 

Hfrfs^«7 = -^i-S^< temkw iSfctttTj-r-s r i few* 

air^^©**fc*H-a a^j 20 

[00 0 1] 30 

>£fr 5 -^fAt *0>#ifcfcH-r So 
[0 0 0 2] 

*©ra»si aufiSr^-uv v-rsasfc 

fit, LfifLfif, *©«S4r«fcfc-*-$£i:!&Sifc5. 
7— fit, « l ft©iB/h«a!* s '?>**l*«ffl*T?, 
*$/0tto«ai«r»Wf«WftU*!J»e>»riEL, 40 

[00 0 3] ftt, m&^ffi&t LTcoWSSr-^- 

(*± • **t • ttfcif) SrfUffl LTfTibfta 

[0 0 0 4] ^<»igmMi8L<o2MK&^x* 7Ws<o 
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[0005] m^ffi^^W^v^fe^-r^w^.^^ 

[0 0 0 6] Sfc, 3&tg (3D) CAD 

(computer-aided design ) ^ 3 D ^7 7 -f ^ ^ jfe if 

J&»U r05jtfl?y7 h^iTtt, 2&7D (2D) ©Kb 
[0 0 0 7] £fc, 3 DV}#<Dmffi : &fflm Lfc^fh t£ 

[0008] Lfc^ot, Uteommyy h$ = r-e 

[0009] «S©Mt 3 ytv-^ia "9*a 
[0010] 

5 ^r{ii^.5 0 

[001 1] aEtt^ft3tt, flEait-^oA^Srai-rtt^ 

**©»««r*-*-»tt7*--^Sr4fe*t-*. A73^ 

[0012] mm^-m^*^ ^m.i-^&.m.^^.ir 

-T5o EfifSSKtt, tt^Wft-d-^SixStt-T 1 ©* 



# 
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33 9, MW±l$.^m4^ 'S-iK^OffiET'-^Srtirtc: 

[ooi3] a^^©i«, 09*.tf, m+fogk&itmK 

SrtfcfcLT, SfelcjKttT*— ^Sr4jS-t"5 0 *LT, 

w*^©5»4, &f&zfrk.mv&~-fr\z.m*3%. mot-en io 

[0 0 14] rfflipWtti^^TAiaM, if 

[0015] ^o*ffiroit^£tt-e^< , ^ecD 

[0 0 16] fl!l;tJ4\ 01©A*?S1B, Sb£-T5EI 
3CAM12 3ir*fJ^L, SBB#a2i:jeMK£j«#i» 
4I1CPU (^*Mit) 2 1t^*!)2 2tM 

L-, IStS^a 3li^*U2 2 fcifcKS U MJj^gt 5 tetij 30 
Mt2 4K:#j£:i-S 0 
[0 0 1 7] 

(1) avfa — ^±©<R3B1H:flin:33V^, mttcDVoM 

(2) nyfa-^icSgfifi^iNt, g^ttlf 1 ^ 

[0 0 18] #3gWfc:33i^Ttt:, m&ifi®MX—fe<oM 

yt&fc&x'Zzmwvftmt Lx&t&mx*, =xf 3 50 



^-^Wf (Virtuaclay) £Pf.£) SreB^-fSo 
[0019] I321C33^T, ^ytV-^lWfiS^I 

1 1 uiffft-rs^— ^ w-f 1 5 te^»OT*a j ? L A» kffi 

oTfc 1 ?, W l SW^T^^WftWftli 

Mil 3*»fe<S*2&Wi 1 tefflWMS* A^J U «j£ 
^B14«, i&giaSCT, Wtf/KOf 
[0 0 2 0] httt. hJg[R]7 0 c2 

•j*?*.? hic^m^titc^ y -y h*%mn-rz>z tx% m 

[0021] MttHftttA^ttB 1 3 fi, ^ w 

1 5Srffi»6<j{^px-rSfc«>«?*g*S:A*-f-5|g«-rfc 
9, 0Hx.fi, 2D/3D^yf-f>/7^^ >f>" 

-f 1 SOWfSrtiJ^tSSIt-fo^ 2D/ 

So 

[0022] 2 D/K-f yf-f v-^VW^fi, 0i|xj£-7 
£*-r*fc9, 3 D/^-f v-x-O^f^M^fi, #J;Ui, 
3 D©«Hb4:lHMKSr-&tpiftfmS:«Po^-f -s7°f 
s^^xh&v 'fy^wyh/B-^tt, <K 

[0 0 2 3] ^/A^^Ktt, #J;U4\ Jtf-y^^ 

W^^/t' (gimbal) W^Jiffi^SrAtb-C^^rA^li-S 
ilET, JtifeWteE^A^-rS 3 Dffin-t^-i: Lt 

[0024] lt«, ii^w^iJ' h yym 



[0025] 9 W <Dmm#) • ^TO^ttBlr 

[oo2 6]tt±^ts»if^itm trs, 

flU^T-C^a-rSo <t9ft#W^tt, »MlPl#«A*Sfi 

1 3 3&»&»*S*tS*fP«rtBSr, <K«ffiKll n^ta 

[0 0 2 7] r©i p* 3 ^- ^_h<ZV<— W 20 

[0 0 2 8] *%mj&m<Ds<—*?*r 9 W v^^Ate, 

B) J2:J:0liaSixSo BS 3 offlf#«Wffi*«tt, CPU 

(^*^a^g) 2 1. y V 2 2 , A^B 23, ffl 30 

2 4 , ^ttiatftssB 2 5 , mwabmm 26,4 

2 8 ^J: t95^^^^^TV^ 0 

[0029] CPU21ft ^^ey 2 21^$^^ 

SSS-t-So 2 2h LTBu 0Hx.fi R OM (read o 

nlymemory) „ RAM (random access memory) ^r#*ffl 

[0030] A^asa 23it ei 2 (DmrnmnAtimm 

[0 0 3 1] ^g|5f2tS3ge 2 5 J3\ m*-&, * 
%T<< *^3£B. %W&f<<*9 (magneto-op 
tical disk) 3£E^-C&>9, ^P/5^f- ^ 

[0 0 3 2] ^ftigib^B 2 6 tt, iftttKMRft: 29* 
WB&U *^getgrt^{rT^ir^i-6o ^»lB«fflG*2 50 
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9 t ttti, ^^r])^—h\ 7 V V fc"~ T**?^ CD 
— ROM (compact disk read only memory ) . 3te:rV 

[0 0 3 3] *y h!7 — ^8tgf2 7tt, LAN (lo 
cal area network) # if<Z>ffift<Offlffi^ ^ h!7 — ^ {^Sc 

Btt, ^^M7^8ggl2 7^tt, *s>h!7 — 

[0 0 3 4] s<—*f-v9 W*3IS."t*«Jbt?B8iS 

(1) 3D^^T**^ffi*ML, W#JS«:>r 

tf*tfcM\ Jfc(7>2oeo5:iSfclc:|E*StbTV^So H. J. La 
mousin and W. N. Waggenspack, Jr. , "NURBS-Based Fr 
ee-Form Deformations, " IEEE Computer Graphics and 
Applications, 11, pp. 59-65, (1994) . H. Qin and D. T 
erzopoulos, "D-NURBS: A Phisics-Based Framework fo 
r Geometric Design " IEEE Transactions on Visual iz 
ation and Computer Graphics, Vol. 2, No. 1, pp. 85-9 
6, (1996). 

(2) ra^V^M£iUcy y v K^T^SrfflJE 

f£ifc£tb~CV^<5 0 A. Rappoport, A. Sheffer and M. Be 
rcovier, "Volume-Preserving Free-FormSolids, " IEE 
E Transactions on Visualization and Computer Graph 
ics, Vol.2, No. 1, pp. 19-27, (1996). 

(3) K^^«JSSr**-t"S*fc, &&mmt£rtX"te 

V^5 D A. Varshneym, F. P. Brooks, Jr. and W. V. Wr 
ight, "Computing Smooth Molecular Surfaces, " IEEE 
Computer Graphics and Applications, 9, pp. 19-25, 
(1994). 

(4) A<om&£^M&<D&&VB#&W&£&&S£<o 

Jk<7>3Citt^BB*fc*ixTVNS 0 K. Hirota and M. Hirose, 
"Providing Force Feedback in Virtual Environment 
s, " IEEE Computer Graphics and Applications, 9, p 
p. 22-39, (1995). 

(5) t/^x^ m<£M ^-ir— i?s<yislstnz£ 9, 



r> ^rft^m 8 mx^miJcM, pp. 405-408, (1992) . 

(6) ffi&&m\z#ft&m»tmm&mS:T£&l*. ftb 
ft, b i t pp. 132-142, (1994). r^fifci- 

[0035] mmvfr&ffi}*. ^ir^W 

[0036] ^mmmm<oy<—^-r ^ <D^m 

[0 0 3 7] ^-^-^ wfhi\ 

[0 0 3 8] #«Sfc^Ji«MBtt*iE««E:«l*.TiS 

[0 0 3 9] 04lt ^-r ^ w 
ffi«X= (x lf x 2 , x.) $:tt6o ^Lt, 
[0 0 4 0] fl&JAJi. Strt»§3 2te, & (Core) 

tmitis iKf o*^x^?>*s r c * 

(Interaction field ) tUftftb, Ptt^ttl* i V ^ o fc 
[0 0 4 1] ^coj: 5*ifi*S«3g3 1 K*3l^-Cte, £9 



(6) #Wl 0-3 3 4 2 7 8 

10 

ffiofif ©gf 3 2 CttftAt 5 r J: 1 1 4vn 0 

[0042] is*? 3 i tdfij (9 tttf e>n5«fla*aifeflij 

blsXltmZft, mz. ft*. «A»Uhi:^ofc 

10 5 C 

[0 0 4 3] «*.ri, 5l*»i^»S:S£E^»oJ:5 

[0 0 4 4] rti^tisfliasim HK^v 

20 JBVNJSVMtififlf«J6 3 l&KW-LT. * 9 
V b LT«#LT*5< £ i^s-e#5 0 7^77y 

[0 0 4 5] JfejCl, H5^e>Bl9*-t?S:#figL.*dSe>, 

x 3 ) t u ffi^pt^i-s^sftm*^^ h/vAx= 

(Axi, Ax 2 , Ax 3 ) -C^^^iX^fe^ir-r^o 

30 x' =XH-AX^J:9W*#$tb5o e^P^Strrs^ 

[0 0 4 6] 3K J FQ6QffiBS:Y= (y lf y 2 , 

y.) it5o Xir YSrilS-SaaftXYJJiSEtLT^^ h/^ 
AXSrSS^JWIgLTWfeixS^^ b/^^r, h/VA 
Y=Proj (AX, XY) ii"S 0 ZKD^P h/VAY 

3ffi^P^»»t^5ffi^Q^»»«^teBtt, Y 7 =Y 

+ AY = Y+Proj (AX, XY) i: * S 0 ffi^ R 

[0 0 4 7] H6lt ^ftlftfP^SrrsWt^^SW* (pi 

asticity/elasticity ) Ufcifffiff^abSS:* LTl/ ^ 

tt, av>05ffiEf^ffl*^fiAS:M : "rds, J; 9 rt«BOiR<z> 
ftAfiffS^v^ ^KiHimciOfiASnsffi^SrP, 
@Ai-^e^^:Qi: »:co J: 5 *«flUS:#J 9 
[0 0 4 8] 2oC0^ J f-^4'^X, Y^BMPQ 
50 t ^QCO^^&T-PcO^^Q^P^fpJ^ r fcttf^ 
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AL«^ fiilj&ffift&c, (0<c P <l) tL 
JK^P&Q-^P^rRl^cp r -£3 0 * 

fc, ffi^QfcU igS*ffi«*c 0 (0<co<l) tt 
T\ P^Q^frf-c Q r fcttWbM£tU -?:<7>Q— P^ 
|pIO»»fl«r-c Q rt45 0 -?:<£>3£jP:, S^PP^f 
^XteX' Offifit^KU ffiT-Qfl^frYttY' 

[0 0 4 9] H7I4, a^hftf^JiiSJi-Sltt^ott 

tt (viscosity ) £«bfc^#<^S£^bTl^ 0 10 

SixSo 4\ 2 o^S-? P t Q (DffiS^ffll^^x l t 

*MS*«*«rd 0 (0<d 0 <l) tLT, ft^QttQ 
->P#fR]fcd 0 r«»t»ib-*-So *frfPG>* 
4>XttX' ^{ifil^KU «r^Q<Z>*'i>Yfc:Y' 

[0 0 5 0] m 5 bfc J: 5 *»»»fPi: ttiS!^, 
ttbTV^53ffi^^|^t*^i:S J: 5*»f^t>^flB^&So 20 

[0 0 5 1] B8lt JK^F05ltfSfWSb^j:5»Sgffi^ 

filx / x' -x + Axia y-$?Lbtiz> 0 StT-p 
i>mW>1rZ>zblz.£9, n*Plzmmi>X^1t1gL¥Q\* 30 

[o o 5 2] ttfQOfiitYi: U XiYSrHS-SiGR 

n/^Proj (AX, XY) i:-r^ 0 g| 
£tU# s bR:<££^ibii<£>fc*il^ (transmission efficie 
ncy ) £rc T i:bT, HL^QO&n^? h 
/WAY=c T Proj (AX, XY) £-f£ 0 bfcj&So 
SfP^BttfJtt^Q^iftOttltt, Y' 
= Y + AY = Y+ c T P r o j (AX, XY) £*5 0 

[0 0 5 3] ^EbficD^ii^ c T ft (EI 9 J: 5 

/hS<*SJ;5^K^SixSo bfcs&SoT* — j£BBB«fc 
ii^J;5*e«*tt, ttttSrmiKbfc^IfJi^J:^ 

[0 0 5 4] ^ W SrWfiKi-6<RaMtt^ Ojfc^ 
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4i\ *BB^&«*Sitttbfc**^aE?g*f^fcW, 

[0 0 5 5] ^BI(-?t^?gtt^V^^^ bTte, ffjjfc. 

*ffrB»£«. 5 3&Sfe*bS^Sr^C?i:bT, »BfW^« 

[0 0 5 6] Mf«tSraE{t:S^:*v^r^>r 
J:sa£«f»f^t, &tt*sJt«l!bfc**^*?B*^io 

«fc 5 \z.n bT« 9 hf\sfz- 9 t5o 

[0057] m^<omj¥<ommx^ ^m^m^ir 

5A;fcfcR«fi«:R5tbT*5g\ A;^ b£ vMfi £ 9 /h£ 
tttt«T^^v^^fT5 J: So * 

fete, ±»(0»»*^*ffi-e, T7^vSC*fcJ:*aE» 

[0 0 5 8] tfcte, ^/wirv^MMfr^ ffi^<£>SlfflK 
BSr*S-^-t-5»f^"C, ffi^<z>*&&it«bf;:9. 
<^fi^«it^^x.fct9, «[^«9J«F#SrB*ftbfcO-r 
S*fcf^S:*tfo Wilt fec^a** 2flBi03ffi^4r^tf 

[0 0 5 9] {Effl»*it*S:4efflbr, 
fc^^c:fflV^fei^5^I^^i, (finisher) 

[0060] a? btc #» : f : fciaffl**v«swa«ajfeflij 

iE*W*iiAi: bT. K5>fir- ?r^bT*5v>T^J: 
[0 0 6 1] 3K^*^«>«^*f^i:»»l*fPtt, 



[0 0 6 2] llO^IfTU 5fT?-*^L, R£r 

v\ ^^e>(z>»*fc, fe^a^tt^tt. *«>aE«*f^s: 

[0 0 6 3] raxi£*tLT, 3K^*-&S:^#J"r-5«^ 
te, 112 ± 5 5c0>*&a$ 2 o^±(^aiM 

SU aa*«BUSr*«)T»««#S:K«^-S„ ^b 
bV^^«[^a:*»So 

[0 0 6 4] i 5 4*^Srfi«S^CJ* 

£sStft S^MWt^ffffl^-oi LT£i^ti 

[0065] &itn&¥<Dftm#j:T*BLm&m<D'<y t ? 

f^ftfltt JiiE^) "Computing Smooth Molecular Surface 
[0 0 6 6] fi^^^«^^«*t*««Sr«T"rS» 

[0067] isa^^^ft^^aiE^fpffl^stf-t-s 
wm^ij (Hit) . ftm&tftz>mnj&<Dm*<D 

&W}^<9 h/K Rf^ffl©H-»^43^Sie«co*Ef^ffl^ 

;<y 9 ft 

[0 0 6 8] S#ffl^««(-^^m-»^iir Lttt, 



(8) ftH¥l 0-3 3 4 2 7 8 

£-£5, (RA) Srm^J"t**ifORfPffl35S*)b 

[0 0 6 9] 3|ffi^F co ^ h/K ffiffltt* 

[0 0 7 0] Jfcfcl, H 1 3^02 1 *"CS:#fiaU*dS 

10 ^^HTf&So BUC^f^t E!3(C^Lfc 

LT N 2D/3 DtK-T l/?*fs<4 * (PD) 4 

1, r-^^^ (DG) 4 2. *5<t^A*»B 
(FI) 4 3&:{§X., m^g®2 4irLr. 2D/3D 
-7=V^^°W (DS) 4 4, x^^U— 9 (VB) 4 
5, *5±W*W*3fi« (FO) 4 6£rffit;SL6 0 

[0071] ^^y 2 2±\a^yy hv^rizx 

9, 2 D/3 D W yf y^>f ^^f/l' (P 
D 7 ) 5 1, 7= — 9fv*~ -/(D^/V (DG 7 ) 5 2, 
20 tiAtl^&CO^r^/U (FI' ) 5 3, ^^U-— i ^ 3 y^ 
^7l/C0^ty=VU (OP 7 ) 5 4, i?^*^^Z/*7 L M><D^: 

"rfr (GS' ) 5 5, y<—^^r9 1^4(0^^/^ (V 
C 7 ) 5 6, 2D/3Df^^^W^f> (D 
S' ) 5 7, /<^zf\/—9<Dff^ (VB 7 ) 5 8, 43 
i^W^aSK^^^ (FO' ) 5 93S£j«$*L<5o 

[0 0 7 2] PD 7 5 1ft PD4 l^feA^jSixfclf 
#2rOP' 54, DS 7 5 7, joJlt^VC 7 5 6 Cfi 
X., DG 7 5 2tt, DG42^e>AAJJlfc»«S:0 
P 7 5 4 , GS 7 5 5 , DS 7 5 7, :&J;U*VC 7 56 
30 fcC*., F I 7 5 3 ft F I 4 3 frhA?) SnfcffifftS: 
DS 7 5 7*3J:U ? VC 7 5 6|:fii5 0 Sf', OP 7 5 
4te, PD 7 5 1, DG 7 5 2, *5i;D?GS 7 5 5^E> 
Stt&ofctfSRSrDS 7 5 7*5j:t>*VC 7 5 6l^fix., 
GS 7 5 5 ft DG 7 5 2^kStf&o^1f#£rOP 7 
5 4*5<tI^DS 7 5 7 Wii5 0 

[0 0 7 3] VC 5 6ft ffi^T^Srg'*. 

, /K ]SL^-<Ds<7*—9tel?<D 

a^HTft (create) , «^P?H* (discar 

40 d ) , (deformation ) , @j£ (fix ) , @5E#?B& 

(unfix ) , yns—zfik (group ) , (un 
group ) , (translate ) , [UflS (rotate) , T^ty 

— /^^H (scale ) , &8^£e5c (surface generation) 

[0 0 7 4] «[T-^fi8ttt, «ffc*» : FSr^'r**fP 
50 SSM^*«i-o 



(9) 
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i^rOP' 54, DS' 57, VB ; 58, *3j:I^F 
O' 5 9 Cgi^o 
[0 0 7 8] *fc, DS' 57H PD' 51, DG' 
52, FI' 53, OP' 54, GS' 55, *5J:U?V 

VB' 5 8fl VC' 5 6 ^StfSio/c 
ttf«fc»<5#, VB4 5^i|)$^ FO' 5 911 V 
C 5 6d*e>S^ffiofc*«^S<5#, F04 6^W 

[0 0 7 9] VC' 5 6i^*3V^T, 0(1 ;U1 (Hi 4 i£7j* 

■TJ: W^^Vvo^^P (t s ) 

Pin (t s ) , . . . } (l) 



(3) 



[0 0 7 5] ^/u— TMfcirfl 2 oJKJbZJfi^Hli 

Mil, lilte, »J:W*^--A«W1 ffi-? 
[0 0 7 6] Utfi, sf/\s—-7ik#>&XI 

[0 0 7 7] VC 7 5 6 ft PD' 5 1, DG' 5 2, 
FI' 5 3, jSiTOP 7 5 4 ^kg^ofctltiSi-g* 
P (t s ) ={..., Pi (t s ) 

r Pi (t s ) n i^^y ^^«f*0 ts 

-5 ifg^W ( i == 1 , 2,3,...) OS^frfi&R^ 

Pi (t s ) = [xi (t s ), Yi (ts), Zi (t s )] T (2) 
£«tt£o il*8\ Jffi^^ffiB^asffc-fS^tt, t£L>hfr * (P (t s ) ) £lE3i£;ft,£o 
<D&ft&ftt>tltik%-?*>Z><D~T?. tstLTH 20 [0 0 8 01 S'l^fi^^Q 

fc, P ( t s ) <^»&*"*-&HHl Surface * 

Q (t s ) = {..., q, (t s ) 
irfBSfiSix. * S u r f a c e (Q ( t s ) ) 

h/i'te3ikfQ<D&$;m-iri>(Dt'rz>o mi sn 

PD4 KD&lbVS 4 4^M3p^0'J^r^brv^ o #iJ*L 
fl J.— 9*dS2D*fc*i3 DC0PD4 1 ^HfLT, ^ 
ffi^ f;>Ax pJ (t s ) irJEffilft^^^^ffitx 
.„ (ts-J <Z>it«&A;fci-5»^£#;i£o PD4 1 ^30 
Ax' pd (t s ) = G a in (Ax' pd 
^^T\ G a i nfiSS*BI»t?S>9, Offsets 
£ftl?fcSo Ga i nCOHS^l H«^«fc9*«)fc*L 
6 0 x pd (ts-,) (4) ^i^Lt, 

ffltttl^JffiWx' pd (t s ,) f c:aEtfcStb5 0 ♦ 

Ap, (t s ) = A x ' pd (t s ) , 
V i , I x' pd (t s ,) - Pl (t„) I < r , , 
Pi ( t s-i ) e P ( t s-i ) 

A Pi (t s ) n &%L^<D&m^? h^%m 

U Pi (t s ,) n ^fimrcoB#^J t s , ,c*5ttsffi 40 
^«^P (ts-i) o#tt^offiESr*-t-o Lfc**o 
T, x' pd (t s , ) mWrtiaot^§J:5 
#fi^<£>*as, ^ h/i-Ax' pd (t s ) <z>f£flj«r£# 

[0 0 8 3] &t^, VC' 5 611 Jfc^fettfcK^T/U 

A Pi (t s ) <d&w*. m^m^p (ts.,) tfeflsfc 

RSfci*^ l(ltP«^ffi^«^P (t s ) «r£rt-*-a 0 * 

LT, SW^^^ay^fflt, Su r f a 

c e (p (t s ) ) srtfiKt, *<z>ra«&m*rt-5 0 50 



(t s ) (-OV^T^ 



q i+i ( t s ) , . . . } 

[0 0 8 1] #tftf^H#*J t s i-^tt^-<^ h/I/ A x 

p d (t s ) dSA^SttSi, pd' 5 in &5£(;i<£ 

9, ^frfefe^^/^tftJ^IEte^^ F^Ax' pd (t 

s) l^fttSo 

( t s ) ) +0 f f s e t (4) 

♦ [0 0 8 2] VC' 5 6H Ax' pd (t 5 ) t 

x' pd (t s ,) is:a<5t*Mf^u— i^g^SrlgfTL 
T, fiT-ft^P (t s ) ^»t5 0 PD' 

5 1 (DXfd^mZ t LT, #w J: 5 *th3SL^frt>tbS 0 
(5) 

[0084] DS' 5 7H Surface (P 

(t s ) ) <oym\zm<*%s iko?*??*???—** 

t s , fcfettSJft^Nfr&P (t s ,) (OM^T^^fhX 

V^S, jbh^&^p (t s ) ^ttt>ra«icL-c««s 

[0 0 8 5] #:t£, B16H DG4 2 ±l£3&5& Stbfc 
VB4 5<Z>flt*LtV^5 0 VB' 5 811 VC' 5 6 
s^fctt^lfe^P (t s ) 9, DG' 5 2 

frb**rfr<OVkR\Z.&WZ> k#@(^VB 4 5c^ffi:S^M 
Ht9#x' dB(k (t s ) SrS:*t»tSo ---e, k = l, 
2, 3, 4, 5, 6, 7, 8, 9, 1 0 <9 , k = 
1, 2, 3, 4, 5f*2c^#ffi{c:3S«FS^VB 4 5 
t^*HCL, k = 6, 7, 8, 9, 10tt*^#«iCK 
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g^5£, «»^-#&*t1il*Vk (t s ) £&oJ:5> * 

V k (t s ) = V k (I t | Pi (t s ) - 

Vi, | Pi (t s ) -x' ^ ( t s ) I < r , , 
Pi ( t s ) ( t s ) 

I Pi (t s ) - x ' dg(k ( t s ) M** pi 

(t s ) ix' ^ k (t s ) cogggt^igb. 1,14, -r 

^T^ffi^^Bi-TSftftSr^i-o Lfci&SoT. V k (t 
s) «\ *a^fcVB4 5<©<SfflW*ffiKi:^ra^BE(!l 

*»tt*HkfcJ:9*»fetLSo x' d£(k (t s ) 

B4 5WoV^, V k (t s ) 3&SfHf£*X, -t^ffi 

©vb 4 5teov^t*v t (t s ) teo MR^sttSo 

[0 0 8 6] r 5 LTW-HtS*tfc«»7*— 
k (t s ) (4, #VB4 5KttWj£;h/t\ -?:tL«r^i!j$ 

F k (t s ) =F k (Z, | Pi (t s ) 

V i , I Pi (t s ) -x' M (t s ) I < r ! , 
Pi (t s ) ep ( t s ) 

rrt, F k (t s ) tt, ^ffi^i i?^s<A'4 scomm 

W ft f&fi t <z> Iffl <£> B6«<z> «fq S: / 7 p« — ^ 4: "t* S Bl» i 

fc, x' flk (t s ) 3&sv^jxd^«t^<z>tBaf^ffl#rt 
k (t s ) asw-3f£n* *offio> ? y^4 8 iro^x 

ttF k (t s ) ^0(^^$tt5 o 
[0 0 8 8] £ b LTfh^^ttfc^J-^— ^ F k (t s ) 

Api (t s ) = x' j,, k (t s ) — x 

V i , I x' d( (t s ) -Pi (t s -.) I < r , , 
Pi (t s -,) (t s .,) 

rr-ett, x' «, (t s ) CTI^fflirtCAotV^ 
J:5ft«E : F<^*^, »»k<^ hA-Ap, (t s ) \z$£o 
T^ibL, -t<^«i<z>3te^<z?ffiBf4^tUftv\ h/u 

A Pl (t s ) W\ x' ^ (t s ) ix' *. k (t 40 
[0 0 9 1] iW^ VC' 5 6*3, &:)bhtl>1t$mTA> 

a Pi (t s ) <vmm%, ^*^p (t s -,) 

*fP«<z>tt^«*P (t s ) «r£fiM-*o * 
LT, jftlK^fiK^^U— S^a ^SrHtTLT, S u r f a 

ce (P (t s ) ) ££/&U ^w^ttwirso 

[0092] DS' 5 7 tf\ Surface (P 
(t s ) ) ix' ,, k (t s ) ^'|f^{^S<5#, 
t^Wi^/77^i/^f-^^MU DS 4 4 50 



- X dg, k (ts) 



) 



(6) 



[0 0 8 7] #c(£, 12 1 7 tt, FI43tF046 3r5ft 
&£^AtiU^^#J£*LTi^o FO' 5 9lt V 
C 5 6^«fMP (t s ) O««&8:ttSt0. F 
I' 5 3^fo*^^ia:ff^*3»t5k#B(?!>ffi«ffif« 



(t s ) ?rgtt^5 0 x' 



(t s ) tt, ^ 



Attjy33gfi4 7(^>^^W4 8<?5ffiHSr«U, k = l, 
2, 3, 4, 5ttfe^05#JB3fet-*HiSL, k = 6, 7, 

s, 9, i o^#^>*»K*ttf-rso *ate> 

©ItMRt-S^** ^r-^^HtitF, (t s ) 

-x' „ (t s ) I ) , (7) 
★ [0 0 8 9] B18I^ DG4 2(Z)M^Lt^ 

20 3 0 DG4 2±|:ii, #Sfe^ffi«ir^f-dS»5i*tb-C*5 
9, k#BcQ"fev^(7>ffiRffiaf4, x*. k (t s ) 4:35 

JStt^bWo DG' 5 2f3\ DG4 2^e>**ff 
ra^ntSx,, (t s ) ^«*SrS^Bt5 4r, 

(4) ^t^LT, **u&Sr^7*/K©1fi:»<z>ffi«« 
#x' *,k (t s ) fcgEJftU V C' 5 6 4rDS' 57 

[0 0 9 0] VC' 5 6lt x' 

*. k (tw) , x' ^k (t s ) \z.&3zwm*'<^ 



r (Z)4r dg 7 



5 2(OA*?«*iU, ft 



(8) 



d*. k ( t s-l ) , 

©Hffit^-rSo si sm B#s"j t s -, {-*5itsst 

^-ift^-P (t M ) 3 jhrc^aa*, ttftl 

t.tetsttse-^atep (t.) i^©^t>^t-b 

[0 0 9 3] JfclC, Hl9lt Mffly3ll4 7*»6>>J 
^tSW^LTV^, FT 5 3 {4, ^jAW^^ 
B4 7*»e>k#BOffi«**x f . k (t„) Xts 
Ztitct)^? hA'ffa.i (t s .,) SrStt^S., x fik 
(t.) tt, Hi7ilSlii:, *AfflMl4 7©^y 
8 WffiESr^L, f in . k (t H ) {4, ioftf 
(^*3^^TA^$^^fc^3S:^-ro FI' 5 3IJ, (4) 5£ 
tra«jcur, tnb^^r'^cDM^Rx' ,. k (t 

M ) , f ui (t M ) KiSEifcu vc 5 6{dja 

•To 

[0 0 9 4] m^-s VC 5 6IJ, x' 

f . k (t M ) , f to., (t,,) 



(11) 
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i/a^SrUff LT, S^ii^P (t.) SrJC^i" 
£o FI y 5 3 <DAt)^Wt% t Lt, ^<7><t * 

Api (t s )=Displacement ( f ' in , k ( t s -i ) ) 
V i , I x' f . k ( t s -i ) - Pi (t s J I < 
r i , 

Pi (t H ) €= P ( t s-i ) 



20 



(9) 



(t s ,) ^SffiSf^ffl«rt^AoT 



^^tU x' 
v>£ J: oftm^-vfrifi, »»k<^ h/VApi (t s ) 

h/VA Pi (t s ) H f' In , k (t s .,) 10 
^iri^M^D isplacemen t fH X 9 §fg $ tl 
5o Displacement (Z>B8»7#H M&t\Z £ 9 

[0 0 9 5] VC 5 611 btllt&J&T A* 

A Pi (t s ) <Dim*, ^*^p (t M > ^fri^ 

K(Bfe£^, akf^^ffi^-^P (t s ) «r£j*-*-5o * 
bT, Mi^^v'ay^tTLt, Su r f a 

ce (p (t s ) ) sr*j*u ^(omn^mti-r^o d 

S' 5 7H Surface (P ( t s ) ) Otfflftl-S 20 

D S 4 4 00llj®(C^7^i-^> o 

[0 0 9 6] 0 2 OH DS 4 4<7)BW-^^£ 

ftfe*^^— v-a ^^/>S:*bTV^S 0 OP' 5 4t£ 

ttT*5«9, *nMM=a-fiSi:Lt, DS44* 
[0 0 9 7] HI 2 o <z>MS(^«, ^i/-i/3yir t 

T, CREATE, DISCARD, BIGGER, S 30 
MALLER, GROUP, UNGROUP, T R AN 
SLATE, ROTATE^^^I^^Jtl, — 
LT, MARKERS F I N I SHER^g^ 
^^tt, A°7^-^tlT, AFFECT, UNAFFj^ 
Group (P (ts-J , Q (t 
= {P (t s ) , Q (t s ) } , 
P (t s ) =P (t„) , Q (t s ) =Q (t s -,) 

Groups, ^^btltim^M^^/^-^ 

fti-sww^&o, trAs—-f {p (t s ) , q 

(t s ) } <£>««H1 VC 5 6^fcti;fj£*u6 0 ^jxfiJt 



^ECT, ELASTICITY, jo^U^V I SCO S I 

[0 0 9 8] CREATED DISCARD, BIG 
GER, SMALLER, GROUP, UNGROU 
P, TRANSLATE, ROTATED Zrtl^tl* 

<Z>5*>* TRANSLATE^ ROTATE (3LOV N T 

h ^n-m, mm<Dfa$ timfc^<D fa % i>W7F£ti 

[0 0 9 9] AFFECTIt fitf^tBSflMB* 

^grj ^^^ttl^t^fflV^tl, UNAFFE 

tt5 0 ELASTICITYiVISCOSITYtt, 

[0 10 0] f^PD4 1 *fcliDG4 2^ffl^t 
^g^Jt^-T^D, OP' 5 411 PD' 5ia>C>x' 
Pd (ts-,) SrgttSttK DG' 52^bx' d „ k (t 
s-i) SrSttlfrSo ^bT, x' pd (t s -,) Sfcfcfc 
x' «.. k (t s _, ) ^, BfcBJh^v^*td^JBB(^»jcE 

^co^g^^bTV^H ^^B^&LS^fT 5o r 
<Db%, M(^Ct, VC' 5 6Ml^Mt5o 
[0101] #IxJl O 
P' 5 4H iSShfctt^P (t M ) , Q (t 



i ) ) 

(1 o) 

[0 10 2] UNGROUP*S«3E*ixat, O 

P' 5 4(1 m^tlti^-^ (P (ts-i) , Q 
40 (t s ., ) } (Z)»VC 5 6^^ttll^ #W£ 



fi^MP (t s ) t Q (t s ) ttlOC0»f^»* 
UnGroup ( {P (t s -i) 
= P ( t s ) , Q ( t s ) , 
P (t s ) =P (ts-J , Q (t a ) =Q (t s -,) 
r^-C, UnGroupIl ^x. fcttfc^— y^SrA? l& 
1"S*ff^-efc9. ^-^S:»»*nfc«[^«^P 
(t s ) , Q (t s ) (£>«f«H VC 5 6fCtti^f$tt 
6o rhKft, tt-T-H^P (t s ) tQ (t s ) * 
Translate ({. . . , p f 

= {..., Pi (t s ) , . . . } 



Q ( t s-i ) } ) 

(l l) 

[0103] it TRANS LATEi3S«3££*L5 

op' 5 4H mmztitcmm^? h^xcias 

v-3 ^<Z>3SfT&\ VC' 5 6l^lt§o 
VC' 5 6ft, 2fcfi9«fc5*«ff&fT5o 
( t s-l ) , • ■ . } , x c ) 

(1 2) 



* 
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O 

P i 



Pi ( t s ) = p i ( t s-l ) + X c 

^^t\ Translated Q^^CDiiLWi^M p t 
(ts-i) h/UxcSrJniJi-saJJt^fcSo 
[0 104] ROTATE^SJtJeSttSi 
Rotate ( {. . . , 
= {..., Pi (t s ) , . . . } 
Pi (t s ) = R (0 C ) Pf (t s -,) 

Rotated, #3KT-<?5ffiaaiai p i (t 

s-i ) mte^ W^ci-J: ^IBizli^n^lHltefT^J 

r (0 C ) srRHt-rsajt^&So 

[0 10 5] Sfcu B I GGERj/cfiSMALLER 
Scale ({..., pi ( t . 

= {..., Pi (t s ) , . . . } 

Pi (t s ) =diag (c) Pi (t s -i) 
r^!T% Scaled #S^CDffigM«i p 
i (t M ) ^ h^c(0*fiR^Sr»ftK*i:i-S 
*M*fr*!ld i a g (c) «RJ^S**^-efcS e 
[0 10 6] 02 Id ^^V— >a V^-^/l^ 

S' 5 5H DG' 5 2^b#-fe^f-<^(fcB^>aK1S« 

{ . . . , X 7 d«, k ( t s-2 ) » X ' 

M.i (t H ), . . . ) SrStflfe 1 ^ *<z>tiMW s «Fje 

So 

[0107] v?^*^^ — ^d —^Btrap^i-^^ 
\zMfcT&'<# — ^ffiScSttSo GS' 5 5d £*t 
[0 10 8] JSffilff3&S-^ffi«±"C&tLtf, *<Di?** 

ttt\ DS' 5 7H ^iS-rSi^^^^-ir^BB^ftSrDS 

[0 10 9] r<^«t 5 {-x #*^fl8tfv<i~ ^-t^ W 
i^x-M;: J:*Ld 2 D^^-f yf y/f/W ^^J: 
U ^ y ^ ^^^Wco^tt^^«J:oTfflPS^S:^'tTV^5 3 D 
CAD^3D/77^7*M«m J: 9 a: 

tit, 7*— *^n— ?\ 3Dvf>7, XAtim&ft}? 
^Wloofc^ W^^E^LT, ^K^^hf^ 

5q 



^V-Va^HfrS:, VC' 5 6(C<fe|g-r5o ^th£ 
gtfT, vc 7 5 6d »c^J:5ftS»S:fT5o 

* 

t s -, ) , . . . } , 0 C ) 

(1 3) 

%i&mj££tiZ>b, OP' 54d fflJESixfc^^ hsu 

5 6I^R«t5o rMgitt, VC' 5 6d ?k(D£ 
io 5*aW*?T5o 

s-i ),...}, C ) 

(1 4) 

[0 1 10] Sfc, «6±OJ:5**f^BSr*aU 
*»&itt*WK4^-*-5«fB8:> «^)3D CAD^ 

20 [oiii] m^. m2 2^b@7 8*T?sr#flab*ds 
^ hmr^^^^^^^^i-.t^is^-rstcot HI 

3<£>PD' 51, DG' 52. FI' 53, OP' 5 
4. GS' 55, VC' 56, DS' 57, VB' 5 

[oi 121 B22fi, £<z><fc 5*'*— 
30 ^jM-*5tf£— «4:^7n-ft- ht'fe^o 
^i»d *i\ 2 2 JL{£*3^T 

iiR©*^^^^ hSrSHiU -^tbb&r;* ^ir-v^ 

t^S(-t^) (^T^Sl) 0 ^tt, jf?*J=>9 
^S 2) 0 

[0 113] ^ir-v^^Siff L/c^ 

3) , *-f*j*9 y<»tmim&*M\,x 

40 -TS (^^S5) o *^»*;&Wt*xd -tr^A 

[o l l 41 H2 3d it-fV^t Ymz3$\iZ>* yir 

^a^hd ^ V K*txft«*"r5>« syfe-^SrE 
(^r^si l) , «PflMfc*i:*S (^t 1 ^ 

/S12) 0 

[0 115] Sffft'Jco^^zc^ ht^:, ^ y-fe — 

50 ^^gfft^i (^fy/S2 1) , SJJhfe^Vy 
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-**^0>rt»:Rffi«:H«r5 (^^S2 3) 0 * 
9, Srfcfc* i^SrfflKZ)^-^^^ M^iaaiUfcO 



* [0116] mmm^is^? htsfura^: 



It 



>>vc' ] 
>>VC' ] 
>>DS' ] 
>>VC' ] 
>>VC' ] 
»OP' ] 
>>DS' ] 



[PD' 
[DG' 

[F I ' 
[OP' 
[GS' 

[vc' 



Uf^yS 2 4) 

[PD' 
[DC 
[DG' 
[F I' 
[OP 7 
[GS' 
[VC 

? hr$x* y±-is%mm^z^th^mxfoz> 0 

h^^-f^J^? h H|13^PD4 1, DG42, F 
143, DS44, VB45, *3j:I/F0 4 6 ft 

[0 1 1 7] 02 4ft PD4 1 <DW}W7V— h 

•cfcSo PD4i*t tf zn&^t -vmft& 

(^f^S3 2) o It, -tOff-g-SrPD' 51C 

mtn^x (xf^s3 3) , *o»fmfe«>**fc* 

£ (^s^S 3 4) 0 

[0 1181 B2 5lt DG4 2(^K)^^t2— h 
Tfc£ 0 DG4 2fl 1f^^»**ixT»f^*n 
5£irT?»f£&M*&L (^f^S4l) , ^irv-y-c^ 

T\ DG' 5 2^tb^7bT (7fy^S4 

3) , 3Jc<7>»f^flF^<7?«ffi{C:*S (7f^S4 4) 0 
[0119] H26li, FI4 3<Z>»f£:7n — ^ — h 
T&5o F I 4 3 ft cx—if^>Jtjfe^3g*Sn"C»f^S 
W^tT»M»L Ur^S5l) , »5feoffi 
HcO^ftSrm^-i-^i-^ (^f^S5 2) o *L 

3) , »C<D«f^«F-b<^«lB^*S (^f^S5 4) o 
[0120] PD' 51 (DWjUf^^^T^ — 

hVfo&o PD' 5 1tt, PD4 1 £rgtf]& 
otffij^ML (^f^S6l) , mf§r<Dmt>*bP 

d' 5i^fit wvm (D^azmfe-tz 

*y?s 6 2) o PD' 5 1 <z>teE £ fE»Sfit 0»J*-tf. 
Ell 5<DtfirtHffif*x' ...iraEffi^^ F^Ax' pd^W/S? 

[0121] pd' 5 i<D&mtism$:mmi> 

f^S63) , ^ ^t-^^^Mt^. (^x^y 
7 B S64) 0 Sft^VC 5 6^(1 <!fcB*«*« 

T5//S65) , PD4 1 ^6>C0ff^*>^«ffi{i:*S 
(7f^S6 6) o ^OP' 5 4<Dm& 



* 

>>OP' 
>>OP' 

>>DS' 
>>DS' 
>>DS' 
>>VB' 



[PD' 
[DG' 



>>DS' 
>>GS' 



>>FO' ] 



[VC 
Z> (XTyrfS 6 6) 0 
[0122] 028H DG' 5 2 CDtbf^^^ — ^ — 
Ftfc^o DG' 5 2ft DG4 2j&>ktf>{f-i§-8:St*ffit 
oT»f^S:BB*&L (^jx/S7l) , ?>D 
G' 5 2C0irVf-^f4B^^S€r : ffi^i~5 (XT 
S7 2) 0 DG' 5 2^)ffiti:*»llt #JxJt HI 1 
8<£>f£B1f38x' ^t, il^-r62oC0B#^jra^x' 

[0 12 3] #cKl, DG' 5 2<Z>ffitt««S:55«fU 
fj//S7 3) , ^ y t— ^^?r«^t6 (^7^ 
/S74) 0 St^VC' 5 6<Z>*£it 
M^rVC' 5 6^t5^5/t^tLtffi*t 
f^S7 5) v DG4 2s&^©ft^«ll:ftS 

(^f^S7 6) o S^OP' 5 4^ 

It M«f«t3E»iS:OP' 5 4 3* ^ir-v* 

titffl^i (^f^s7 7) , m^^^fiit:^ 

£ (^-T^^S 7 6) o 
30 [0124] B29lt FT 5 3 (DMi^? n — ^ — 
htr$>5 0 FI' 5 3H F I 4 3j&>e><z>f8#-«:g:tt8t 
oTib^^r^^L (7fs'^S8 1) , fif^fi^bF 
I' 5 3^iIW^I^^^t5 (^f^7°S 
8 2) D FI' 5 3<Z5ffiH£;*Jtt 09*. ft Ml 9<D{& 

[0 12 51W:, FI' 5 3<z>ffiBW«S:3E«fL 
f^/S8 3) , ^ — ^<7?$6*S:ai^"t-5 

/S84) 0 a^vc' 5 8©»^t {zmmmtt) 

W«S:VC' 5 6iC»-r^^ ^ir-v^ LTtti^U 
40 7y7°S85) , FUa^fj^H^^tlM^ 
(^f^S8 6) o jSjfe^SOP' 5 4«^ 

tt ffie«*£**«*OP' 5 4 * ^ir-v? 

tLXttitlL (^f^S8 7) , «*«Ft>^«ttBI-* 
£ (^fy^S 8 6) o 
[0126] 130ft OP' 5 4<7?ibf^^n— 
hT*fc£ 0 OP' 5 4(t DS4 4C0BBi^^tlt 
^^1^—2x3^^/1/ (OP) fatbAt)£ tb^^^V- h 
SrSttWJt W^S9l) s **T,^S<5t*f^SrW 
(^f^^S9 2) 0 %z Lt> OP' 54^bV 
50 C 5 6 i^t^iM^ ^ir-v^^ LtVC' 5 61: 



• 



(14) 
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[0 12 7] @3 1(t VC 5 6 0»f^7T3— ^-r — 
ht^6 0 VC' 5 6fi, PD' 5 1, DG' 5 2, F 
I' 5 3, t^OP ; 5 4frh<D* yir— ^SrgltBl 
oT»f^S:BS*&L (^r^S l 0 1 ) , ^-^^^ u 

(^x^S 1 0 2) 0 3E»»f£«rfi»L 

sx^s 103), f^ffljs^ttsf^ffliirt^^ffi-rstt^ 

0»»«yffiS:fT^ (^fs'/S 10 4). &^/B£r*5£ 10 
1~6 (y^s/^S 1 0 5) o 
[0 12 8] #ffi^ffi«§:5S»rb (^TvZfS 

10 6), Jft^WftB^SrJESrrs Uir^S 1 0 
7) 0 ^rbT, ^-^^ W <z>*ffi»« C^V^W 
«) £:E&rL (^r^sios) , *0>*ffi»««:D 

S109) o ^^, K^fflSrVB' 5 8ifeliFO ; 5* 
p' i = Pi (k -° +Ap, M 



1 1) o 

[0 12 9] 0 3 2*3j;tfl2 3 3f2, HI 3 1 <0**ri?Zf 
S102, S103, S104, S 1 0 5, *5j:r/S 1 

VC' 5 6H if, ^*^Wtf>«^ 

MftfttpX^ PD' 5 1, DG' 5 2, FI' 5 3, * 
fcttOP' 5 4\z£yW&&fE£nZ1$L*<nUftM'&V 

<0) b1rZ> (0 3 2, ^r^^S 1 2 1) 0 #Jx.tf, 0 
3 4 i^fj; 5 &^^t-fci>T, &mi¥m 6 l as A 

[0 13 0] »J«|E«kS:l i:fc# (^^S 

122), *^p (k - n fc<D&m*\z.*t-r&#Wfcm 

{A Pi (k -M fcbs 45-ffi^oW^WftffiBp' ««: 
&SK<fc9W3&i-5 (^f^si2 3)„ 
(1 5) 

/S124) 0 



p"i = I ( p ' i ;p' i, . . . 

P ' m , • • • » P 

(16) stcofriatatettp' i£PS-t6$S* 

S:*U n (k-1) ^MP^rt^e^^iiJ: 
JH, 2 0JK±^3ffi^ffi51^ffl«^||bTV^S*^ 

[0 13 1] 3fSILTi^3K^asiJ#-g"S:H:*30 

v, M = p" i- Pi M 

fflh* Z^t t?«rfc fcftfclr*- £ <fis>*&^ fc^feritS*^ 

P (k) £*f#y£-r5 (^X^S 1 2 6) 0 03 4©» 
£\ feT-6 2^S»»-rsr t-C, 0 3 5t^$*l5 J: 0 

[0 13 3] HI 3 sd&^T, «^Rt^f&itu^T- 

r r t% 6 2 $m*tz>M& p <0) Stjk^jb nit 40 

Sir, tt^6 2^^:»»Lrv^5 2«co«^^^ *^P Vir 
Apj w =£, F (v,^, 0j (k) , 

^2, ajiPROJ, (v,*" 1 ') , 
0 < a ji< 1 

Ah,™ =£,B (v l ft " , f 0i (k> , <A i u_l) 
^Z, i3 Jt P RO J ji (v 1 ,wl ) 
- 1 << i3ji< 0 



P i-i » 

B ( k -i>) (16) 

[0132] ^p ft - n c^*3ffi^»»K<^ h 
5) o 

(1 7) 

ra«tC, S^JfLk (k=l, 2, 3, 4, 5) COffi-?- 
[0 13 4] «<£P (k) O^tt^F^ffiSf^fflli* 



*^P w ©#8fl!l»tS««fffflAp J w i, * 

5 (03 3, Xv-yZfS 1 2 7) o 



) 



(1 8) 



(1 9) 



r r T\ pro j Jt ( v , ^ ) fi, 



tp 



50 



[0 13 5] ft^, ^P a> 0*3tt^d^e>*-& 



(15) 
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p' ' ' «=P* i+Ab' ,<"-» (20) 



[0 13 6] tfcfcl, ft^P** 1 ' rt<Z>#ffi^<Z>S5£ft* 38 



p i-i ip i ; p 

p i+1 , . . 

t LT, P ' ' ' ' ^f^(4I Pi (H) iLT 
fl|j£-t"3 {^TyrfS 1 3 0) o tfctd, -f^TOftL^V 10 

te«a s; »j£Lfca>if s^SrH^ c^s^s 131). 

ffi«^Sflfc3£LTV^*V^3|a^3&S&i^^i, k - k + 1 £^ 
T Uf^^S 13 2), ^xs^S 1 2 3E*WM>*&« 
SrHOiS-To tit, "T^T^tt^^ffiai^ai^rs 

[0137] 0JA.fi, SfJEW&gH&l- <fc "9 , El 3 6 

|3 7DTtJ:5^ ^nb<D$L^-6 3, 6 4^ 20 
SUTk, m«:Jfc«lt, ST 6 3 cofSB^^M^ 5 £ i 

[0 13 8] ST- 6 3<^ffi«<^SM*&tefi*#;fc&;K 
m-Ctt, /^i22(£>ST6 5, 6 6, 6 4, 6 7^ 

fcifi^srfti*^-^^ w^tt^n*** tn 

t, 0 3 8t^i-«J:5^. #«c^ffiBdsai3eSixS 0 
B3 9H ^3 1^7^/3 10 7(^51^86 

/Ujy^^SW^ t«^^«:^t§o *&31dS 30 
HW&SixSt. vc' 5 6H H4 0l^tJ;5 

^, «ftT-*^flKS:*!9HtfV^Vy^^ Wf*0 7 
(7f^S14l) 0 tU, ^STco 

fy/S 1 4 2) o 

[0 13 9] *3esttfc3PffiSr*»fcLT, #S 

^SrHtf^aiBSrW-ff-rs (^ir^S 1 4 3) 0 04 
OOST^t-^Ttt, ttT-aSrBt^ffifWtt, ST 
a tg^ b C9«EI?- a & b t , ST a £ST c <T>mM a & 40 
ci, ST a £J|ftT-d<Z>*#a&d<Z>3 0<Z>¥ffiKJ:9 

[0 14 0] JfclJi, &ST£ffltra&£*jrr5 0*^ 
jx^si4 4) o £rSi:H Qmft^&co&M^ftgk 

*^>«B^*-frJ;:-g'*ixSi:V^ttHS:«Fo 0 lfc#Eo 
T, ST£ffltr£r££f*, m^&xtUl tf<Z)ifi§^ 

[0141] B41 M*3^t\ a SrffltPGS 7 2 50 



p' ' ' ' , Sr»^T5 (^f^/S 1 2 9) o 
t » . ■ • » p i-i » 

. , P' ' ' .(*-!>) (2 1) 

f£, ?Ba&b, a&c, a&d, taXXfi/^"? ^ y ^ 

* 7 l (DSffiKJ: 9*^SixSo I3«l-lt, ffe^fiT- 
SrHtrfiififc* H4 2H:*tJ:5fc»:JESh5o 
[0 14 2] #ctc, ^te^dSft^fflffi^^if 5^Sr*J^ 
(^f^si4 5) 0 rrw S^M^K^ 

&\ 03 1 (D^^^zfS 1 0 Stf^SMttJ^lt 
Cx^rs^S 14 6), #La**tTi~5o 04 2 
H Vy/l/^^ * 7 1 ^r^tfdbSO^CDST-a , b, 
e, f, c^S, ft^»«^£*5 0 

[0 14 3] 04 3te, FO' 5 Qc^ijjf^^a^-^^^- 
h-efc^o FO' 5 9f£, VC' 5 63&*fe^>P« ^-fe — & 
*£ttStotttffrS:HI*&l U^s^S 1 5 1 ) , jpm 

2) o 

[0144] m^, Ritm^? h/i'i:timn\z$&9trrz> 
(*Tv7s 153) 0 ^(Dxmm^ m%-t£s 017 

fctt^S^ir-i^lTW^l (^T^S15 
4) , VC' 5 6i>*b<D* ^ir— i?&ib<DVtWt\zteZ> 
(XTyfS 155) 0 

[0 14 5] 04 4ti, VB' 5 8 (Dgbft^ n — ^-r — 
htfc£ 0 VB' 5 8H VC 5 6 3/ ir—S^ 

&£**]S^tftf£&BM&l O^yz^S 16 1) .ffffl 

5//S16 2) o ^CO^g(j1f#^, ^llx.fi, 01 6^ 
thr — PVt 5o ttt, ^tb^^VB4 5 

3) , VC' 5 6 3a»b<7>p« ^-fe— i^fip*>^ffi{^*5 
Ut^^S 164) 0 

[0 14 6] 04 5ti, DS' 5 7<7>itlf^7i3— ^-t — 
htfo^o DS' 5 711 VC' 5 6fab<D* y J t — i? 
SrSttKtoTiifPSrlJHttb (^^iv^S 17 1), z^— 
^-^^ W <Z>*Kffif«S:aueL (^t^^^S 17 2), 
^®^l^V^y>-^ (rendering) £t?toT, 
^ W^Bitt^-^Sr^filii-S (^s'T'S 1 7 3) o 
i^*BBffif*tt. <J9*.H 015COSurfac e \CM 
lC-r5o tit, ffittT 5 — ^SrDS 4 4|:»f5^ y-fe 
(■««*) t LTttWL U^y^S 17 4), 

vc' 5 6^e><z)^ s/t-^#*)©ttii;:45 (^^y 

/S175) 0 



[0 14 7] DS' 5 7^ VC' 5 6fiWM£fc. P 
D' 51, DG ; 5 2, FI' 53, OP' 5 4, £3 J; 
U*GS' 5 Sfrh* yfe— ^SrS*t»9, *tb^jEtJCS"t" 

[0148] @4 6lt F04 6 <Z)Et)f£:7 a — ^-r — h 
-efc6 0 F04 6B, FO' 5 9fab<D* — i^Srg 
ttStoTtb^^^^b O^s^S 18 1), ^«$8£r 
WiTTS (^y^S 1 8 2) 0 *Lt, y3««S:«i* 
L (^7^/8 18 3) , FO' 5 9^Wyt-^ 

[0149] 04 7 H V B 4 5 <DWM¥? n — ^ — h 
-efc£ 0 VB4 5H VB' 5 8^b^>7« — s?«rg: 

tt«toT«bfpsrHi*&L (^^s 191), rnrnmm 

Zmm-tZ (^fy^S 1 9 2) o ^tt, igtbt»#£r 
JtTjtb (^r^^S 19 3), VB' 5 si>*h<o* y-fe 
— ^f*%<^:Rffi^*5 Uf^S194) o 

[01 50] 04 8 H DS4 4 OKjf^^n— h 
T-fc^o DS44H DS' 5 7i)*b<D* ^ir — ^SrS 
tt*oT»ffrS:H*&L (^f^S2 0 1) , B{fefB# 
«:5i£-r3 ^7^8 2 0 2) 0 ^Lt, pflftSr** 
L (^75/^8 2 0 3) , DS' 5 7 d*b<0 * — 
fth<D$tn\Z.tf:Z> (77^S 2 0 4) o 

[0 15 1] B4 9|j:, ^-r^ WS/^^AicJ:^ 

T*$>5 0 PD' 5 1^fdiDG' 5 2 fcib><D * 

/S211) , VC 5 6(t ^r^ibf^ffliria^ODffl 
SLftUB^fc* ««K<^ h^vSrtHlL-t-S (^7^S2 
1 2) 0 

[0152] tfcfcl, 050 (-7T^-r J: 5 K\ W^W)^? h/ls 

^8213) , Rfe^ h/V- vi:««lf^ffl^f^ffl^ 

RfIMB;* S^i LTVB' 5 8*fcteF 

O' 5 9f^K£-r3 (^7^S2 14) 0 rcDT* >^ir 
— ^SrgttBtofcVB' ssifcttFO' 5 9H 
««&t>ite:VB4 5*fcttF04 6S:B»b (^7^ 
7°S215) , ^S^rJ^Ti-^o 

[o i 5 3] 0 5 i a><b0 5 5 *-on _B£<£>J: 5**a 

5 1tt, DS 4 4 K^^Sixfc:^— ^-Y^ 
^LT^<9, ^l— PD4 1, DG4 2, SfettF 

[ 0 1 5 4 ] — ^-^^ W H PD4 1, DG42, 
*5±VF I 4 3^e>^ffl*il[»S:^5«:tt"e*< , D 
S 4 4 (^a^$tufe^-^U— ^/^/^JL^J&ff^g 

[0 15 5] 1ft£j:£PD4 1 , DG4 2, F I 4 
3 <Z>«M£«\ ^rtL^H, 0 2 4, 2 5, 2 6 ^Kifl^tiE 
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^hPD' 51, DG' 52, FI' 5 3l2l2Hf£;h, 

[0 15 6] h PD' 51, DG' 52, 

F I ' 5 3H ^JVPiX, 0 2 7, 2 8, 2 9 (OmM\^ 
t£oT, A^J^W^^fe^ff-^SrVC' 5 6— 

s/-fe — ^aE»i-S 0 cnfc^:^:*^ Ml A^ 

£r<bT% ^JSMfrZ).* ^ir — v^^EfcU VC' 5 6 
10 (-^mt-6o ^Mi^CT, OP' 5 4^« 

[0 1 5 7] OP' 5 4*1 0 3 O^lCSot, A 

[0158] 05 211 051 <Os<— ^ 9 W £r*S/& 

20 ^tto-CRMi-So 

[0159] 1 Sff 2: Lt , V C 56 

fl hPD' 5 1. DG' 5 2, F I' 5 

3, OP' 5 4j5>fe<^ yir— ^Srg#flx9 (^fy/ 
S 1 0 1) , ^ ^yir — ^rtg^MLt, ^ib^f^co 
ftMBjSfc»»*«:a«£L (^^S 10 2), 

^/S 1 0 3) o 

[0160] vc 5 6*i mzmmt lt, 0 

30 0 4), KfftBSrflS^L (^^S 10 5), ^-fe^ 
<7>ffiB«:JI#ri"5 (^7^S10 6) o 05 3(^ti, 

[0161] V C' 5611 ^3 SPgir LT, 0 

07) , w<^aEi*«*5S«fi-s (^-ry 

^si08) o r^pgr% VC' 5 6tt, 3eSt»#£ 
^ -/ir — v 5 ^ LTDS' 5 7^f|L (7f 
9) , EfffflSr^yt-^tLTVB' 5 84fcliF 
40 O' 5 9— (^fs/^SllOlo 

[0 16 2] VC' 5 6i>*blxftHl<Z>* ^ir — ^SrStt 
KtofeFO' 5 9, VB' 5 8(1 -ttt-PiX, 04 3, 

4 4©«ji^oT^ yt-ySrjaiU F04 6, V 

b 4 5\ctt\*xmfe* y-fe— ^*aifii-So v 

5 7H a4 5©Mi:ffioT, ^-ft^ WOSB 

ir-^ir LTD S 4 4 diUff i"5 0 
[0163] ^fti^J^V^-f ^F046, VB45, DS 

50 4 4H itb^eti. mt^aai^^^ fFo r 5 



9, VB' 58 x DS' 5 7frb* s/ir — 
6 G F04 6^ 0 4 6»fNct£oT, ^Wf«S:^— ^ 
fcS^U VB4 5I1 04 7©B)fi^oT^ Hffijff 
t^it^U DS44H 0 4 8 CDibfN^o 
^-^^ <^PHfc&**i-5 0 w5Ut, D S 
4 4<£>Hffi(::ft 05 5i^^J:5^^m<^-^ 

[0 16 4] W ifcf It, 05 

[0 16 5] flcfcl, 0 5 8 #>£>0 6 8*"Cft 0 1 2 
^^-T^ir, VC 5 6H *i\ 0 5 9 5 

^t^o ^rr-ft »p 0 ^b*>bi*nfcJBP,^ 

[0166] VC' 5 6 ft 0 6 0 f^-T J; 5 

C JBPo<z>ffi^&»»K<^ 1 t^J: 

I:, Sc^fP!^!^ h;V9 3, 9 4^f6 0 
rttbc9^<^ h/W)ft£ft itucDlio^^ l |£#c 

[0 16 7] VC 5 6 ft r^)J:5^LT, MI#U # 
fifcBtt a6 2©«t5l^45o 

[0 16 8] #C{£, VC' 5 6ft 0 6 3i21*i- J: 0 
«P. ^>3K£^9 2a$@5££;frTl^r t^XZfcft 

ft ffi^WOtttt*^OffiEf^ffl|2:J:9»jeSixS 0 -t 

[0169]«t, fdfc^T, S fcfc rfcgfS J gfeff; 
^HT^54§£it V C 5 6 ft @6 5l:^f 
<fc 5 C »9h^ 5 tgi-BU 06 6 \^~t£ o 

RffUBSrW-eu 06 7(^7Fi-J:5t-, ^lt fn l^ 
ttS#«^<0ffiE&*J£-t*o 
[0170]* LT, VC 56 ft ft^BMft^ SrR:3£ 
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32 

^-ft SvM;i»*5ffi^|^fcLT»v\ -tiVPfu A 

0<£>&jg|9 6, 9 7t«^$;h,5o 0 IT, 05 8CD 
[0 17 1] 0 6 9^e>B7 5*-?ft 0 10^ 

10 W<^#*H^S0 6 9(^7r:-rJ; 9(-iBg$tb 

tv^£-T£<^ VC 7 5 6fl tf, H70WtJ: 

SlS r<oott^>j *f^<7?*r*i:*53ia^JBPo 

«:*3£U ^SO^fim^Sb^ h/H 0 1 , 10 

[0172] VC 5 6 ft 0 7 1 t^i"«fc 5 

l:, Ji P 0 <^3ffi^ ^ 1 0 2 |r J: 9 

07 2f^r<J;5l^ ^l^dtc^S 

20 [0 17 3] 0 7 3{^i"J:5»t-. ^CDgP.09 

^1^F/H 0 3, 1 0 4, 1 0 5, 10 6^t 
S 0 mb^>^^ WKZ>[r]£«\ Su^>g^>^^ h/H 0 
1, 10 2(^#tT«:t6 o *L,T, H7 4('/TtJ; 
#Sb^<^ Y/Vl 0 3. 104, 105. 1 0 61: 

[0 174] VC 5 6ft ft^SMft^Srft^b 

ft^W^ttlt 0 7 5(D X r> 06 9O2 

30 o^-ft?K^Sft5o 

[0 1 7 5] 0 7 6 35^0 7 8 4tfft ^-T 

i^-t-<t5CiaKStbTV^Sii-5i:, vC 5 6ft 

^ h/W 1 1 Sr#J9 ^T^ 0 
[0176] VC 56 fi N &fc^£^SK<^ h 

ttS^-^ir^ W ft H7 8<35J:5(c*5 0 
[0177] «±|ft0^ Lfc^Sfe^ffii-*5^-r, 0 1 3 <D 
PD' 51, DG' 52, FT 53, OP 7 54, G 
S' 55, VC' 56, DS' 57, VB' 58, $6 £ 
OTC 5 9£r, it-f*J=.9 vn^^^fy^ >>f\c& 

fi, 013(^PD41, DG42, FI43, DS4 
50 4, VB4 5, *5J;WF04 6 izmbtlZ t IZft < , 



(18) 



iiL<DHM(omm^^^^ 
[oi7 8] s&k:, ^-iwa^tam** vy—#\z. 

[0 17 9] 

o 

HI 3] «*«! ! 3ffi3S««)«*ia"C*>So 
H5] ffiffl3K^^»»Sr*-rBlt?*>So 

07] »ft«kf^marr5«6ttSr*-rHr*>So 

in 9] mmm<D&mm%7jk-rmx*hz> 0 
mi o] mi cDSs^ftf^sr^-ria-cfcSo 

Hill] »2O«^J»f^S:*-rH"eaE>5 0 
(Hi 2] ^»IMkfPS:*-rHTf«>So 

111 3] s<— 3-^2 V"f*sx>'rJ*<D'7x2 ypmxfo 

114] ^-^^ W i &'7 f A'S:*-ria-C*>5o 
15] ^^^^^^V^^^t-^V^^W^:^ 

Hll 6] /^7V-^^tl1?fc5o 

mi 7] ^Aa^g^isw^^/TtiiTfe^o 

mi 8] r-^^-^t0T^5o 
Hi 9] *AHiyj3eE{^J:SA*Sr*i-|ai?fc5„ 

021] v?j.^^-r^^7 i ^S:*-t"ia"C*>So 
@22] Wf ^^^<£>#LS<£>:7tt— ^ 

[02 3] ^ y-fe — ^SfSfttiffl^^ti— ^ir— hX&> 

o 

0 2 4] tfV Xr^ ^Vrs<4 *<DW)i¥7v— =?^ — 
0 2 5] — 9ifv — ^Ofb^^n— 

o 

0 2 6] xAjjmm&mft-? a 

02 7] t^nPD' coSb^^n— vx 



10 



20 



30 



40 



fc<5 c 



4 



5 



50 
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t^s^ HOP' 0>»f£;7r2— ht? 



«: 0 -e 4 o 
^B^(Z)^fli^7^i-0"rfc4 o 

r%«?5j ^»i«»«r*i"ia-rifeSo 

rt>€T*J O^2S|5g^^-T0T*fc6 o 
r^rsj ^^4©|5g&*-r0T*fc^o 
rfeffij <Z>S?6f£|^£;^i-0T*fc3 o 



(19) 
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1 lft»S:*tH-e*)5o 

^^2^pg^^i-[2T*fo^o 
3 »»*»"re|-CifeSo 
c9ff4aBSr*i-ElT?S)So 
co^ 5 ©1^^7^1-12 T*fe 5 o 
6 g:|5g?:^-ri2 T?& 5 o 
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